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[57] ABSTRACT 
An exhaust gas recirculating system for a combustion 
engine has at least one cylinder communicating with a 
source of combustible air=fuel mixture through at least 
one intake port adapted to be selectively closed and 
opened for effecting the interruption and admission of 
the supply of the combustible mixture into the combus 
tion chamber, the cylinder also communicating with an 
exhaust system through ?rst and second exhaust ports 
both adapted to be selectively opened and closed. The 
exhaust gas recirculating system includes an intake 
valve for selectively opening and closing the intake 
port, ?rst and second exhaust valves each for selec~= 
tively closing and opening the associated ?rst and sec 
ond exhaust ports, wherein the ?rst exhaust valve is 
operable to completely close the associated ?rst exhaust 
port subsequent to the complete closure of the second 
exhaust port by the associated second exhaust valve, an 
exhaust shutter valve for selectively opening and clos 
ing a passage extending between the ?rst exhaust port 
and the exhaust system, and a control unit for control 
ling the shutter valve according to an engine operating 
condition to adjust the amount of a portion of the ex 
haust gases allowed to substantially remain within the 
cylinder. 

11 Claims, 4 Drawing Sheets 
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AUTOMOBILE EXHAUST GAS RECIRCULATING 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an automobile ex 

haust gas recirculating system for feeding a portion of 
automobile exhaust gases back into a combustion cham 
ber for reuse in combustion with a fresh combustible 
air-fuel mixture. 

2. Description of the Prior Art 
The automobile exhaust gas recirculating (EGR) 

system employed in commercially available automo 
biles and designed, although not exclusively, to mini 
mize the NOx emission is available in two types: an 
external EGR system in which an automobile exhaust 
system is connected with an automobile fuel intake 
system for feeding a controlled amount of the exhaust 
gases discharged from the combustion chamber back to 
the combustion chamber through the fuel intake system, 
and an internal EGR system in which a controlled 
amount of the exhaust gases being charged to the ex 
haust system is allowed to substantially remain within 
the combustion chamber or to back-?ow into a portion 
of the intake system adjacent the combustion chamber. 
As compared with the external EGR system, the 

internal EGR system has an advantage in that, since 
that portion of the exhaust gases, the product of com 
bustion of a combustible air-fuel mixture which has 
taken place in the combustion chamber, is allowed to 
substantially remain within the combustion chamber or 
to back-?ow into a portion of the intake system adjacent 
the combustion chamber, the temperature of that por 
tion of the exhaust gases is still so high as to act as a 
“heater” for heating a fresh combustible mixture sup 
plied into the combustion chamber during the suction 
stroke of the next succeeding cycle of operation of the 
enginegthereby facilitating atomization of the fresh 
combustible mixture. Therefore, for a given amount of 
the exhaust gases utilized in the same combustion cham 
ber in which such exhaust gases have been produced, 
the combustibility can be stabilized more effectively by 
the internal EGR system than by the external EGR 
system. 
One way to accomplish the internal exhaust gas recir 

culation which is well known in the art is to provide an 
intake-exhaust overlap period, that is, a period during 
which an intake valve for selectively opening and clos 
ing an intake port and an exhaust valve operable in a 
manner opposite to the manner in which the intake 
valve operates for selectively closing and opening an 
exhaust port are simultaneously opened. During the 
intake-exhaust overlap period, that is, the simulataneous 
opening of the intake and exhaust valve, the exhaust 
gases being discharged to the exhaust system as a result 
of a progressive opening of the exhaust valve are par 
tially drawn into the combustion chamber by the effect 
of the negative pressure which has been developed 
inside the intake system during the opening of the intake 
valve. Depending on the length of the intake-exhaust 
overlap period and/or the magnitude of the negative 
pressure developed inside the intake system, a portion 
of the exhaust gases may back-flow into the intake sys 
tem, particularly into a portion of the intake system 
adjacent the combustion chamber. That portion of the 
exhaust gases substantially remaining within the com 
bustion chamber is mixed with the subsequently sup 
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2 
plied combustible mixture for the purpose discussed 
above. 
An example of the prior art internal EGR system is 

disclosed in, for example, the Japanese Laid-open Pa 
tent Publication No. 55-112814, published in 1980; and 
the Japanese Laid-open Utility Model Publication No. 
55-180906, published in 1980. 
Apart from the disclosure made in any one of the 

above-mentioned prior art publications, where both the 
valve timing relationship between the intake and ex 
haust valves and the intake-exhaust overlap period are 
?xed, a problem has arisen in that, since the amount of 
that portion of the exhaust gases drawn into the com 
bustion chamber depends on the negative pressure de 
veloped in the intake system, not only can that portion 
of the exhaust gases not be controlled to a value appro 
priate for a particular engine operating condition, but 
also a loss of temperature of that portion of the exhaust 
gases tends to occur because that portion of the exhaust 
gases has been discharged to the exhaust passage and 
the temperature thereof has been consequently lowered 
due to the contact thereof with the wall de?ning the 
exhaust passage. 

In an attempt to substantially eliminate the problems 
inherent in the system wherein the intake-exhaust over 
lap period is fixed, both Japanese Laid-open Patent 
Publication No. 55-112814 and Japanese Laid-open 
Utility Model Publication No. 55=l80906 disclose sys 
tems in which the valve timing mechanism is designed 
to vary the intake-exhaust overlap period. Although the 
use of a variable intake-exhaust overlap period is advan 
tageous in that pumping loss can be minimized, the 
valve timing mechanism tends to have a relatively com 
plicated structure and, therefore, is expensive to manu 
facture. 
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SUMMARY OF THE INVENTION 

The present invention has therefore been developed 
to substantially eliminate the above-discussed problems 
inherent in the prior art EGR system and has as its 
essential object to provide an improved EGR system, 
particularly an improved internal EGR system, in 
which the amount of exhaust gases allowed to remain 
within the combustion chamber is optimum for a partic 
ular engine operating condition. 
To this end, there is disclosed an internal combustion 

engine having at least one combustion chamber. The 
combustion chamber has a piston accommodated 
therein for undergoing up and down movement within 
the combustion chamber, the movement of the piston 
being transmitted to a crankshaft through a connecting 
rod. This combustion chamber communicates with a 
source of combustible air-fuel mixture through at least 
one intake port adapted to be selectively closed and 
opened by a corresponding intake valve for effecting 
the interruption and admission of the supply of the 
combustible mixture into the combustion chamber, re 
spectively. The combustion chamber also communi 
cates with an exhaust system through a pair of exhaust 
ports both adapted to be selectively opened and closed 
by respective exhaust valves operated in a manner gen 
erally opposite to the manner in which the intake valve 
is operated so that, during the closure of the intake 
valve and the opening of the exhaust valves, the exhaust 
gases produced within the combustion chamber as a 
result of combustion of the combustible mixture can be 
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discharged through the exhaust ports to the outside by 
way of the exhaust system. 

In the engine having the above-described structure, a 
valve timing mechanism comprising an intake cam 
means and an exhaust cam means is employed for driv 
ing the intake valve and the exhaust valves in a well 
known timed relationship with the rotation of the 
crankshaft and in a manner generally opposite to each 
other. However, in onepreferred embodiment of the 
present invention, the valve timing mechanism is so 
designed that, while one of the exhaust valves is opened 
substantially simultaneously with the opening of the 
other of the exhaust valves, such one of the exhaust 
valves is completely closed subsequent to the complete 
closure of such other of the exhaust valves . In other 
words, the timing at which one of the exhaust valves is 
completely closed is delayed relative to that at which 
the other of the exhaust valves is completely closed so 
that the intake-exhaust overlap period, during which 
the intake port and one of the exhaust ports which is 
associated with such one of the exhaust valves are si 
multaneously open, is different from, i.e., longer than, 
the intake-exhaust overlap period during which the 
same intake port and the other of the exhaust ports are 
simultaneously open. 

In another preferred embodiment of the present in 
vention, the timing valve mechanism is provided with a 
mode changer operable in one of synchronized and 
delayed modes for controlling the timing of complete 
closure of one of the exhaust valves relative to the tim 
ing of complete closure of the other of the exhaust 
‘valves. More speci?cally, when the mode changer is in 
the synchronized mode, one of the exhaust valves is 
opened and closed substantially simultaneously with the 
opening and closure of the other of the exhaust valves, 
respectively. When the mode changer is in the delayed 
mode, however, while such one of the exhaust valves is 
opened substantially simultaneously with the opening of 
the othgmof the exhaust valves, such one of the exhaust 
valves 1s‘completely closed subsequent to the complete 
closure of such other of the exhaust valves so that the 
intake-exhaust overlap period, during which the intake 
port and one of the exhaust ports which is associated 
with such one of the exhaust valves are simultaneously 
open, is different from, Le, longer than, the intake-: 
exhaust overlap period during which the same intake 
port and the other of the exhaust ports are simulta 
neously open. 

Also, in accordance with the present invention, there 
is provided a shutter means for selectively opening and 
closing a passage extending between one of the exhaust 
ports, and a control means for controlling the exhaust 
shutter means according to an engine operating condi 
tion to adjust the amount of that portion of the exhaust 
gases allowed to substantially remain within the com 
bustion chamber. ’ 

Preferably, the control of the shutter means by the 
control means is carried out when the engine is operated 
under a low speed, low load operating condition. In 
particular, the exhaust shutter means may be held in 
position to completely close the passage when the en» 
gine is operated under one of a low speed, high load 
operating condition and an idling condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become clear from the following descrip 
tion of preferred embodiments thereof with reference to 
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4, 
the accompanying drawings in which like parts are 
designated by like reference numerals and in which: 
FIG. 1 is a fragmentary longitudinal sectional view of 

an automobile internal combustion engine having an 
internal EGR system according to one preferred em 
bodiment of the present invention; 
FIG. 2 is a schematic diagram showing the layout of 

intake and exhaust ports in relation to the intake and 
exhaust systems, respectively, of the automobile engine 
shown in FIG. 1; 
FIG. 3 is a graph showing the relationship between 

an engine operating condition and the timing at which a 
shutter valve is controlled in the internal EGR system; 
FIG. 4 is a graph showing the relationship between 

the timing at which exhaust ports are closed and the 
timing at which intake ports are opened; 
FIG. 5 is a schematic diagram showing the internal 

EGR system employed in a multicylinder automobile 
engine according to another preferred embodiment of 
the present invention; 
FIG. 6 is a graph showing the relationship between 

the respective timing at which the exhaust ports are 
opened and the position of the piston in each of the 
combustion chambers in the multicylinder engine; 
FIG. 7 is a graph showing the timing at which the 

shutter valve is controlled according to an engine oper 
ating condition; 
FIG. 8 is a timing chart showing the change is pres 

sure inside combustion chambers in the multicylinder 
engine according to the four strokes of the engine oper 
ating cycle; 
FIG. 9 is a graph showing an operating characteristic 

of the shutter valve according to a further embodiment 
of the present invention; and 
FIGS. 10 and 11 are schematic top and side views of 

a portion of a valve timing mechanism used in the en 
' gine according to a further embodiment of the present 
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invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring ?rst to FIGS. 1 and 2, there is shown an 
automobile power plant including an internal combus 
tion engine E. The engine E comprises a cylinder block 
1 having at least one cylinder bore 101 de?ned therein 
and accommodating therein a piston 2 for undergoing 
up and down movement, the movement of the piston 
being transmitted to a crankshaft through a connecting 
rod. The engine E also comprises a cylinder head 3 
rigidly mounted on the cylinder block 1 with a combus 
tion chamber 4 de?ned by the cylinder block 1, the 
piston 2 and the cylinder head 3. 

This combustion chamber 4 communicates with a 
source of a combustible air-fuel mixture through ?rst 
and second intake ports 5a and 5b de?ned in the cylin 
der head 3 and adapted to be selectively closed and 
opened by respective ?rst and second intake valves 70 
and 7b for effecting the interruption and admission of 
the supply of the combustible mixture into the combus 
tion chamber 4. The combustion chamber 4 also com~ 
municates with an exhaust system through ?rst and 
second exhaust ports 60 and 6b de?ned in the cylinder 
head 3 and adapted to be selectively opened and closed 
by respective ?rst and second exhaust valves 80 and 8b 
operated in a manner generally opposite to the manner 
in which intake valves 70 and 7b are operated so that, 
during the closure of the intake valves 7a and 7b and the 
opening of the exhaust valves 80 and 8b, the exhaust 
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gases produced within the combustion chamber 4 as a 
result of combustion of the combustible mixture can be 
discharged through the exhaust ports 6a and 6b to the 
outside by way of the exhaust system. 
The source of combustible mixture shown therein 

comprises a fuel intake system including ?rst and sec 
ond intake manifold ducts 9a and 9b communicating at 
one end with the respective ?rst and second intake ports 
5a and 5b and at the other end with a common intake 
duct 9 extending outwardly from the ?rst and second 
intake manifold ducts 9a and 9b to an air cleaner 14 
open to the atmosphere. The fuel intake system also 
includes a fuel injector 10 disposed in the common in 
take duct 8 adjacent the joint between the common 
intake duct 9 and the ?rst and second intake manifold 
ducts 9a and 9b for injecting fuel into the combustion 
chamber 4 through the intake manifold ducts 9a and 9b, 
the fuel being subsequently mixed with air to provide 
the combustible mixture. The common intake duct 9 has 
an air ?ow meter 13 disposed therein adjacent the air 
cleaner 14 for measuring, and generating an air flow 
signal indicative of, the ?ow of air therethrough, throt= 
tle valve 12 linked with an accelerator pedal (not 
shown) accessible to an automobile driver and disposed 
inside the common intake duct 9 for regulating the ?ow 
of air therethrough towards the combustion chamber 4, 
and a surge tank 11 having a predetermined volume 
disposed between the injector 18 and the throttle valve 
12 for reducing the pulsating ?ow of air towards the 
combustion chamber 4. 
One of the intake manifold ducts of the fuel intake 

system, that is, the ?rst intake manifold duct 9a is, as 
best shown in FIG. 1, partitioned to provide primary 
and secondary manifold passage 15 and 16, the primary 
manifold passage 15 having a cross-sectional area that is 

20 

35 
smaller than that of the secondary manifold passage 16 
over substantially the entire lengths thereof. The sec 
ondary manifold passage 16 has a suction control valve 
17 dislgsed therein adjacent an inlet end thereof for 
regulating the ?ow of the air therethrough. 
The exhaust system includes ?rst and second exhaust 

manifold ducts 18a and 18b communicating at ?rst ends 
thereof with the respective first and second exhaust 
ports 60 and 6b and at the other ends thereof with a 
common exhaust duct 20. One of the exhaust manifold 
ducts, that is, the ?rst exhaust manifold duct 180 com 

' municating with the exhaust port 60. has an exhaust 
shutter valve 19 disposed therein for regulating the flow 
of that portion of the exhaust gases which is discharged 
from the combustion chamber 4 into the ?rst exhaust 
manifold duct 18a, The exhaust shutter valve 19 is 
adapted to be controlled-by an actuator 24 as will be 
described later. a 

In the embodiment so far described, the ?rst an 
second intake valves 7a and 7b are simultaneously oper: 
ated so as to selectively open and close the ?rst and 
second intake ports 50 and 5b, respectively, substan 
tially as shown by a common curve X in the graph of 
FIG. 4 wherein TDC stands for the top dead center 
position of the piston 2. On the other hand, although the 
?rst and second exhaust valves 8a and 8b open the asso 
ciated ?rst and second exhaust ports 6a and 6b simulta 
neously a predetermined time after the start of the in 
take stroke, that is, after the opening of the ?rst and 
second intake valves 7a and 7b, the complete closure of 
the ?rst exhaust valve 8a takes place subsequent to the 
complete closure of the second exhaust valve 8b. In 
other words, the timing at which the ?rst exhaust valve 
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6 
8a is completely closed as shown by a curve Y in FIG. 
4 is delayed relative to that at which the second exhaust 
valve 8b is completely closed, as shown by a curve Z in 
FIG. 4, so that the intake-exhaust overlap period A 
shown in FIG. 4, during which the ?rst exhaust port 60, 
associated with the ?rst exhaust valve 811. and any one 
of the ?rst and second intake ports 5a and 5b are simul 
taneously open, is longer than the intake-exhaust over 
lap period B, shown in FIG. 4, during which the second 
exhaust port 6b and any one of the ?rst and second 
intake ports 50 and 5b are simultaneously open. 
A valve timing mechanism necessary to cause the 

?rst and second intake valves 71: and 7b and the ?rst and 
second exhaust valves 8a and 8b to operate in the above 
described manner, that is, to cause the ?rst and second 
intake valves 7a and 7b to operate in a manner repre 
sented by the curve X and the exhaust valves 8a and 8b 
to operate in a manner represented by the respective 
curves Y and Z, may be any of a known type such as 
that disclosed in, for example, any one of the previously 
mentioned prior art publications and, therefore, the 
details thereof will not be reiterated for the sake of 
brevity. For example, cams mounted on a well-known 
camshaft for driving the exhaust valves, respectively, 
having different pro?les may be used to open one of the 
exhaust valves for a longer period of time than the other 
of the exhaust valves is opened. 
From the foregoing description, it will readily be 

seen that the exhaust shutter valve 19 is disposed in the 
?rst exhaust manifold duct 18a communicating with 
that ?rst exhaust port 6a which is opened subsequent to 
the opening of the second exhaust port 6b. The reason 
for this is because, since the intake-exhaust overlap 
period A is longer than the intake-exhaust overlap per 
iod B as described above, a relatively large amount of 
the exhaust gases required for effecting the internal 
exhaust gas recirculation can be obtained in the ?rst 
exhaust manifold duct 18a and the amount of the ex 
haust gases actually caused to back-?ow into, or remain 
in, the combustion chamber 4 can therefore be readily 
adjusted depending on the position of the exhaust shut 
ter valve 19. 
The exhaust shutter valve 19 is operatively coupled 

with the actuator 24 which controls the exhaust shutter 
valve 19 in dependence on an engine operating condi 
tion. For this purpose, a control unit 21 is provided, 
which control unit 21 is adapted to receive a throttle 
signal indicative of the opening of the throttle valve 12 
which varies with a load imposed on the engine B, an 
air flow signal generated from the air flow meter 13, a 
cranking signal indicative of the crank angle detected 
by a cranking angle sensor 22, and a valve signal indica 
tive of the opening of the control valve 17 used to con 
trol the force of an eddy current induced by the ?ow of 
air through the primary manifold passage 15. The con 
trol unit 21 is programmed to process these input signals 
to determine the operating condition of the engine then 
prevailing and then to generate commands, one to the 
actuator 24 for controlling the exhaust shutter valve 19 
and the other to an actuator 23 for controlling the con~ 
trol valve 17, in the following manner. 
The opening of the exhaust shutter valve 19 varies 

depending on the engine operating condition in the 
following manner. Referring now to FIG. 3, when and 
so long as the engine E is operating under a low speed, 
low load operating condition represented by a region 
R1 such as during the idling of the engine E, a stabilized 
combination of the combustible mixture is particularly 
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required in the combustion chamber 4 and, therefore, 
the exhaust shutter valve 19 is closed to minimize the 
amount of the exhaust gases back-?owing into the com 
bustion chamber 4 and, hence, to substantially avoid 
any possible dilution of the subsequently supplied com 
bustible mixture which would occur if the exhaust gases 
were recirculated to mix with such subsequently sup 
plied combustible mixture. The closure of the exhaust 
shutter valve 19 takes place even when the engine is 
operating under a low speed, high load operating condi= 
tion represented by a region R3 during which engine 
knocking is apt to occur, so as to avoid the possibility 
that the temperature of the exhaust gases recirculated 
into the combustion chamber 4 may trigger the engine 
knocking. 
On the other hand, during a high speed engine operat 

ing condition represented by a region R4 in which a 
high speed and a high engine power output are simulta= 
neously required, the exhaust shutter valve 19 is held in 
a full open position so that the exhaust gases produced 
in the combustion chamber 4 can be exhausted substan= 
tially equally through the exhaust manifold ducts 18a 
and 18b. In particular, during this high speed engine 
operating condition, the exhaust ef?ciency can be in 
creased to provide a high engine power output in view 
of the fact that not only is a relatively quick discharge of 
the exhaust gases effected through the ?rst and second 
exhaust manifold ducts 18a and 18b, but also the intake= 
exhaust overlap period A is prolonged to give the ex 
haust gases extra time to exhaust from the combustion 
chamber 4. 

In an intermediate region R2 in which the engine E is 
operating at medium speed with medium load, the ex= 
haust shutter valve 19 is controlled to open a predeter= 
mined amount corresponding to a desired ratio of the 
amount of the exhaust gases recirculated into the com 
bustion chamber 4 relative to the amount of the subse 
quentlysupplied combustible mixture in the same com= 
bustionichamber 4. By so doing, not only can the fuel 
consumption be substantially reduced, but the combus 
tibility can also be stabilized. 

Thus, it has now become clear that, according to the 
present invention, the exhaust shutter valve 19 is closed 
to interrupt the ?ow of the exhaust gases through the 
?rst and second exhaust manifold duct 18a and 18b 
during one of the idling and the low speed, high load 
engine operating conditions so that the amount of the 
exhaust gases allowed to substantially remain within the 
combustion chamber 4 can be minimized to ensure the 
stabilized combustion of the combustible mixture for 
the purpose of minimizing the occurrence of engine 
knocking. During the high speed, high load engine 
operating condition, the exhaust shutter valve 19 is fully 
opened to permitthe discharge of the exhaust gases 
through both of the ?rst and second exhaust manifold 
ducts 18a and 1811 so that a relatively large amount of 
the high-temperature exhaust gases can be recirculated 
into the combustion chamber to minimize the pumping 
loss and also to substantially reduce the fuel consump= 
tion of the engine. Also, during the medium speed, 
medium load engine operating condition, the exhaust 
shutter valve 19 is so controlled that a predetermined 
ratio of the exhaust gases, substantially remaining in the 
combustion chamber 4 and subsequently mixed with the 
combustion mixture, relative to the amount of the com 
bustion mixture charged into the same combustion 
chamber 4 can be obtained. 
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In describing the foregoing embodiment of the pres 

ent invention, reference has been made to the use of the 
exhaust shutter valve for adjusting the cross-sectional 
area of the exhaust manifold duct associated with one of 
the exhaust valves, the opening of which is longer than 
the other of the exhaust valves. Instead of the exhaust 
shutter valve, however, a mechanism may be used 
which stops at a position in which the exhaust manifold 
duct is closed and which is capable of selectively open 
ing and closing the exhaust manifold duct to switch 
over the intake-exhaust overlap period to control the 
amount of the exhaust gases substantially remaining in 
the combustion chamber. 
FIGS. 5 to 8 illustrate the application of the present 

invention to a multicylinder internal combustion en 
gine. As best shown in FIG. 5, the engine E is shown as 
having four combustion cylinders (or cylinders) 40, 4b, 
4c and 4d arranged in line with each other. The ?rst 
exhaust manifold duct 18a in which the exhaust shutter 
valve 19 is disposed in ?uid-connected with the ?rst 
exhaust ports 60 of all of the combustion chambers 40 to 
4d through a corresponding number of exhaust branch 
passages 30a, 30b, 30c and 30d and, similarly, the second 
exhaust manifold duct 18b is ?uid-connected with the 
second exhaust ports 6b of all of the combustion cham 
bers 4a to 4d through a corresponding number of ex 
haust branch passages 31a, 31b, 31c and 31d. 
As best shown in FIG. 8 which illustrates the change 

in pressure inside each of the combustion chambers 4a 
to 4d during each cycle of intake, compression, power 
and exhaust strokes, the multicylinder engine shown in 
FIG. 5 is assumed to ?re in the sequence of the combus 
tion chamber 40 followed by the combustion chamber 
4c followed by the combustion chamber 4b followed by 
the combustion chamber 4d. Thus, it will be readily 

> seen that when the combustion chamber 40 is on the 
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intake stroke I, the next succeeding combustion cham 
bers 4b to 4d are on the compression, exhaust and power 
(ignition) strokes II, IV and III, respectively. 

Accordingly, assuming that the exhaust gases pro 
duced in the combustion chamber 4a start to blow down 
at about the end of the power stroke, that is, the ?rst and 
second exhaust ports 60 and 6b of the combustion cham= 
ber 40 start to open shortly before the piston in the 
combustion chamber 4a reaches the bottom dead center 
position, the exhaust gases produced in the combustion 
chamber 40 are in part discharged to the common ex 
haust duct 20 through the associated exhaust manifold 
duct 31a and are in part forced to ?ow into one of the 
other combustion chambers whose ?ring sequence is 
delayed one stroke relative to the stroke occurring in 
the combustion chamber 40, that is, the next adjacent 
combustion chamber 4b which is then at about the end 
of the exhaust stroke as shown by the arrow-headed 
chainline in FIG. 5. Considering that the exhaust gases 
contain a relatively large amount of unburned hydro 
carbon, the supply of a portion of the exhaust gases 
from one combustion chamber to the next succeeding 
combustion chamber such as described above permits 
the unburned component contained in that portion of 
the exhaust gases to be reburned thereby minimizing the 
amount of the unburned component of the exhaust gases 
as a whole. This is because that portion of the exhaust 
gases travels a substantial length of time through the 
exhaust branch passages 30a and 30b, during which 
oxidization of that portion of the exhaust gases takes 
place, thereby minimizing the amount of the unburned 
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component which has been contained in that portion of 
the exhaust gases. 
The amount of the exhaust gases discharged through 

the second exhaust port 6b of each of the combustion 
chambers 40 to 4d is preferred to be relatively small 
and, for this purpose, the second exhaust valve 8b in the 
instance now under discussion with reference to FIGS. 
5 to 9 for each of the combustion chambers 40 to 4d is 
so designed as to be opened at a predetermined time 
subsequent to the opening of the associated ?rst exhaust 
valve 84 as shown in FIG.‘6. 

In the embodiment which will now be described with 
particular reference to FIGS. 9 to 11, although the ?rst 
and second exhaust valves 8a and 8b open the associated 
?rst and second exhaust ports 6a and 6b simultaneously 
at a predetermined time after the start of the intake 
stroke, that is, after the opening of both of the ?rst and 
second intake valves 7a and 7b. the complete closure of 
the ?rst exhaust valve 8a can take place either simulta 
neously with or subsequent to the complete closure of 
the second exhaust valve 8b. In other words, the timing 
at which the ?rst exhaust valve 8a is completely closed 
is either matched with or delayed relative to that at 
which the second exhaust valve 8b is completely closed 
so that the intake-exhaust overlap period A shown in 
FIG. 4, during which the ?rst exhaust port 60, associ 
ated with the ?rst exhaust valve 8a, and one of the ?rst 
and second intake ports 5a and 5b are simultaneously 
held open, is either equal to or longer than the intake 
exhaust overlap period B, shown in FIG. 4, during 
which the second exhaust port 6b and one of the ?rst 
and second intake ports 50 and 5b are simultaneously 
open. 

Speci?cally, according to the embodiment shown in 
FIGS. 9 to 11, the ?rst exhaust valve 80 is designed to 
operate in a manner represented by a characteristic 
curve similar to the curve Y or a characteristic curve 
similar to the curve Z shown in FIG. 4, depending on 
the engine operating condition while the second exhaust 
valve 8b is designed to only operate in a manner repre= 
sented by a curve similar to the curve Z. 
To this end, a variable valve mechanism including an 

actuator 35 operable in response to a command gener 
ated from the control unit 21 for adjusting the amount 
of valve lift associated with the ?rst exhaust valve 8a is 
employed. According to the variable valve mechanism, 
as best shown in FIGS. 10 to 11, a rocker arm 36 for 
each exhaust valve 8a or 8b has an externally threaded 
actuating rod 38 adjustably mounted to the rocker arm 
36, said actuating rod 38 being used for driving the 
valve rod in synchronism with the rotation of a cam 
shaft 37. When the position of the actuating rod 38 
relative to the rocker arm 36 is adjusted by the actuator 
35, the stroke over which a valve rod integral with the 
respective exhaust valve 80 or 8b is reciprocated can be 
varied. The details of this variable valve mechanism are 
well known and are disclosed in, for example, U.S. Pat. 
No. 4,690,110, patented Sept. 1, 1987, which is herein 
incorporated by reference. It is, however, to be noted 
that the variable valve mechanism disclosed in the 
above-mentioned U.S. patent is directed to the timing 
control between the intake valves; however, the tech 
nique disclosed therein can be equally applicable to the 
timing control between the exhaust valves. 

Brie?y speaking, the variable valve mechanism dis 
closed in the above-mentioned U.S. patent is a mode 
changer incorporated in the timing valve mechanism 
and is operable at one of synchronized and delayed 
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modes for controlling the timing of complete closure of 
one of the exhaust valves relative to the timing of com 
plete closure of the other of the exhaust valves. Speci? 
cally, as applied to the present invention, when the 
mode changer is in the synchronized mode, the ?rst and 
second exhaust valves 8a and 8b are opened and closed 
substantially simultaneously with the opening and clo 
sure of the ?rst and second intake valves 7a and 7b. 
respectively. When the mode changer is in the delayed 
mode, however, while the ?rst and second exhaust 
valve 8a is completely closed subsequent to the com 
plete closure of the second exhaust valve 8b so that the 
intake-exhaust overlap period, during which the ?rst 
exhaust port 60 and one of the intake ports 5a and 5b are 
simultaneously held open, is longer than the intake 
exhaust overlap period during which the second ex 
haust port 6b and one of the?rst and second intake ports 
5a and 5b are simultaneously held open, as shown in the 
graph of FIG. 4. 

In the embodiment shown in and described with ref 
erence to FIGS. 9 to 11, as shown in FIG. 9, the vari 
able valve mechanism is operated in the delayed mode 
during a medium load engine operating condition to 
delay the complete closure of the ?rst exhaust valve 8a 
relative to the complete closure of the second exhaust 
valve 8b; however, the SVT mechanism is operated in 
the synchronized mode during operation of the engine 
at any one of the operating conditions other than the 
medium load operating condition. 
The recirculation of internal exhaust gas is carried 

out only during the medium load engine operating con 
dition, that is, during the period in which the variable 
valve mechanism is in the delayed mode, by the adjust 
ment of the opening of the exhaust shutter valve 19. As 
hereinbefore discussed, the adjustment of the opening of 
the exhaust shutter valve 19 is carried out by the control» 
unit 21 through the actuator 35 in dependence on the 
load on the engine E. Therefore, the adjustment of the 
opening of the exhaust shutter valve 19 results in the 
regulation of that portion of the exhaust gases allowed 
to remain within, or forced to back-?ow into, the com 
bustion chamber 4 to an amount appropriate for a par 
ticular engine operating condition. 

It is to be noted that, in any one of the foregoing 
embodiments, when the exhaust shutter valve 19 is 
completely or substantially closed, the discharge of the 
exhaust gases from the combustion chamber to the out 
side through the exhaust system will not be hampered 
because of the second exhaust duct 18b which is open at 
all times. 

It is also to be noted that, if one of the ?rst and second 
intake ports 5a and 5b is so designed and so con?gured 
as to effect a strong swirling motion of the combustible 
mixture within the combustion chamber, it is recom 
mended to design and con?gure the ?rst exhaust port 6a 
to permit that portion of the exhaust gases back-?owing 
into the combustion chamber 4 through the second 
exhaust port 6a to join the swirling ?ow of the subse 
quently supplied combustible mixture thereby facilitat 
ing the draw of that portion of the exhaust gases back 
into the combustion chamber 4. 

Similarly, if a fuel injector 10 is employed to inject 
fuel into the combustion chamber 4 through the intake 
ports 50 and 5b, it is recommended to design and con?g 
ure the ?rst exhaust port 6a to permit that portion of the 
exhaust gases back-?owing into the combustion cham 
ber 4 therethrough to mix with the subsequently sup 
plied combustible mixture thereby facilitating the atom 
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ization of the combustible mixture due to the tempera 
ture of that portion of the exhaust gases. 
From the foregoing description, it has now become 

clear that the EGR system according to the present 
invention is effective to substantially accurately regu 
late the exhaust gases utilized in the combustion cham 
ber in an admixture with the fresh combustible. mixture 
to an amount appropriate for a particular engine operat 
ing condition, by properly controlling the opening of 
the exhaust shutter valve based on the engine operation 
condition, Therefore, the present invention is advanta= 
geous in that the EGR system as a whole is reliable and 
durable while accomplishing the accurate control of the 
amount of the exhaust gases allowed to substantially 
remain within or back-?ow into the combustion cham 
ber. 
Although the present invention has been fully de= 

scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, 
it is to be noted that various changes and modi?cations 
are apparent to those skilled in the art. By way of exam 
ple, in the embodiment shown in and described with 
reference to FIG. 5, instead of disposing the exhaust 
shutter valve 19 in the exhaust manifold duct 18a, an 
exhaust shutter valve 19 may be disposed in each of the 
exhaust branch passages 30a to 3% 
Such changes and modi?cations are to be understood 

as included within the scope of the present invention 
unless they depart therefrom° 
We claim: 
1, An exhaust gas recirculating system of a combus 

tion engine having at least one cylinder including a 
combustion chamber communicating with a source of 
combustible air-fuel mixture through at least one intake 
port adapted to be selectively closed and opened for 
effecting the interruption and admission of the supply of 
the combustible mixture into the combustion chamber, 
the combustion chamber also communicating with an 
exhaustisystem through ?rst and second exhaust ports 
both adapted E) be selectively opened and closed, said 
exhaust gas recirculating system comprising: 

an intake valve operatively associated with the intake 
port for selectively opening and closing the intake 
Port; ’ 

?rst and second exhaust valves operatively associated 
with the ?rst and the second exhaust ports, respec 
tively, for selectively closing and opening the ?rst 
and second exhaust ports in a manner generally 
opposite to the manner in which the intake valve 
opens and closes the intake port, said first exhaust 
valve being operable to completely close the first 
exhaust port subsequent to the complete closure of 
the second exhaust port by the second exhaust 
valve; 0 

an exhaust passage extending between the ?rst ex 
haust port and the exhaust system; 

an exhaust shutter means operatively associated with 
the exhaust passage for selectively opening and 
closing the exhaust passage 

sensor means for sensing the load imposed on the 
engine and the speed at which the engine is operat= 
ing; and 

control means for determining the operating condi» 
tion of the engine based on the load and speed 
thereof, 

, and said control means operatively connected to 
said shutter means for controlling said shutter 
means to close the exhaust passage when the engine 
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12 
is operating at a relatively low speed under a rela 
tively low load, and when the engine is operating at 
a relatively low speed under a relatively high load, 
and to partially open the exhaust passage a prede 
termined amount when the engine is operating at a 
relatively medium speed under a relatively medium 
load to regulate the amount of exhaust gases re 
maining in the cylinder when the engine is operat 
ing at a relatively medium speed under a relatively 
medium load. 

2. A system as claimed in claim 1, wherein said con 
trol means also controls said shutter means to open the 
exhaust passage completely whenever the engine is 
operating at a relatively high speed. 

3. A system as claimed in claim 1, 
and further comprising an adjustable variable valve 
mechanism operatively connected to the fnst ex 
haust valve for adjustably establishing the timing in 
which the ?rst exhaust valve closes the ?rst ex 
haust port relative to when the second exhaust port 
has been closed by said second exhaust valve, 

said variable valve mechanism adjustable to a syn 
chronized mode in which the closing of the ?rst 
exhaust port by said first exhaust valve is timed to 
coincide with the closing of the second exhaust 
port by said second exhaust valve and a delayed 
mode in which the closing of the first exhaust port 
by the ?rst exhaust valve is timed to occur after the 
closing of the second exhaust port by the second 
exhaust valve. 

4. A system as claimed in claim 3, 
wherein said variable valve mechanism includes a 

rocker arm pivotably mounted in the engine, an 
actuating rod supported by said rocker arm and 
engageable with said ?rst exhaust valve for con 
trolling the same to open and close the exhaust 
passage, and an actuator means for adjusting the 
relative position of said actuating rod and said ?rst 
exhaust valve. 

5. An exhaust gas recirculating system of a combus 
tion engine having at least one cylinder including a 
combustion chamber communicating with a source of 
combustible air-fuel mixture through at least one intake 
port adapted to be selectively closed and opened for 
effecting the interruption and admission of the supply of 
the combustible mixture into the combustion chamber, 
the combustion chamber also communicating with an 
exhaust system through ?rst and second exhaust ports 
both adapted to be selectively opened and closed, said 
exhaust gas recirculating system comprising: 

an intake valve operatively associated with the intake 
port for selectively opening and closing the intake 
P011; 

?rst and second exhaust valves operatively associated 
with the ?rst and the second exhaust ports, respec 
tively, for selectively closing and opening the ?rst 
and second exhaust ports in a manner generally 
opposite to the manner in which the intake valve 
opens and closes the intake port, said ?rst exhaust 
valve being operable to completely close the 

6, A system as claimed in claim 5, wherein said con= 
trol means also controls said shutter means to open the 
exhaust passage completely whenever the engine is 
operating at a relatively high speed. 

7., A system as claimed in claim 5, 
and further comprising an adjustable variable valve 
mechanism operatively connected to the ?rst ex 
haust valve for adjustably establishing the timing in 
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which the ?rst exhaust valve closes the ?rst ex 
haust port relative to when the second exhaust port 
has been closed by said second exhaust valve, 

said variable valve mechanism adjustable to synchro 
nized mode in which the closing of the first exhaust 
port by said ?rst exhaust valve is timed to coincide 
with the closing of the second exhaust port by said 
second exhaust valve and a delayed mode in which 
the closing of the ?rst exhaust port by the ?rst 
exhaust valve is timed to occur after the closing of 10 
the second exhaust port by the second exhaust ' 
valve. 

8. A system as claimed in claim 7, 
wherein said variable valve mechanism includes a 

rocker arm pivotably mounted in the engine, an 
actuating rod supported by said rocker arm and 
engageable with said ?rst exhaust valve for con 
trolling the same to open and close the exhaust 
passage, and an actuator means for adjusting the 
relative position of said actuating rod and said ?rst 
exhaust valve. ?rst exhaust port subsequent to the 
complete closure of the second exhaust port by the 
second exhaust valve; 

adjusting means operatively connected to one of the 
exhaust valves for selectively adjusting the timing 
at which the complete closure of the first exhaust 
port by the ?rst exhaust valve takes place subse 
quent to the complete closure of the second ex 
haust port by the second exhaust valve; 

an exhaust passage extending between the ?rst ex 
haust port and the exhaust system; 

an exhaust shutter means operatively associated with 
the exhaust passage for selectively opening and 
closing the exhaust passage 

sensor means for sensing the load imposed on the 
engine and the speed at which the engine is operat 
ing; and _ . __ 

control means for determining the operating condi 
of th_e engine based on the load and speed 

thereof, ' 

, and said control means operatively connected to 
said shutter means for controlling said shutter 
means to close the exhaust passage when the engine 
is operating at a relatively low speed under a rela 
tively low road, and when the engine is operating 
at a relatively low speed under a relatively high 
load, and to partially open the exhaust passage a 
predetermined amount when the engine is operat 
ing at a relatively medium speed under a relatively 
medium load to regulate the amount of exhaust 
gases remaining in the cylinder when the engine is 
operating at a relatively medium speed under a 
relatively medium load. 

9. An exhaust gas recirculating system of a multicyl 
inder combustion engine having a plurality of cylinders, 
each of said cylinders including a combustion chamber 
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communicating with a common source of combustible 
air-fuel mixture through at least one respective intake 
port adapted to be selectively closed and opened for 
effecting the interruption and admission of the supply of 
the combustible mixture into the combustion chamber, 
respectively, each said combustion chamber communi 
cating with an exhaust system through respective ?rst 
and second exhaust ports both adapted to be selectively 
opened and closed, said exhaust gas recirculating sys’ 
tem comprising: 
an intake valve operatively associated with each said 

intake port for selectively opening and closing said 
intake port; 

?rst and second exhaust valves operatively associated 
with each of the ?rst and the second exhaust valves 
for selectively closing and opening each of the ?rst 
and second exhaust ports in a manner generally 
opposite to the manner in which the intake valve 
opens and closes the intake port, said ?rst exhaust 
valve being operable to completely close the ?rst 

r exhaust port subsequent to the complete closure of 
the second exhaust port by the second exhaust 
valve; ' 

said exhaust system including ?rst and second exhaust 
passage means, the ?rst exhaust passage means 
including ?rst exhaust manifold passages ?uid-con 
nected respectively with the ?rst exhaust ports, 
said second exhaust passage means including sec 
ond exhaust manifold passages ?uid-connected 
respectively with the second exhaust ports; 

an exhaust shutter means operatively disposed in the 
?rst exhaust passage means for selectively opening 
and closing the ?rst exhaust passage means to ad 
just the cross~sectional area thereof; and 

a control means operatively connected to said ex 
haust shutter means for controlling the shutter 
means according to an engine operating condition 
to adjust the amount of a portion of the exhaust 
gases allowed to substantially remain within any 
one of the cylinders. 

10. The system as claimed in claim 9, wherein said 
?rst exhaust passage means also includes a ?rst exhaust 
duct to which respective ends of the ?rst exhaust mani~ 
fold passages remote from the, associated ?rst exhaust 
ports are fluid-connected, and wherein said exhaust 
shutter means is operatively disposed in said ?rst ex 
haust duct. - 

11. The system as claimed in claim 9, wherein each 
said ?rst exhaust port communicating with a respective 
one of the cylinders is adapted to be opened earlier by a 
said ?rst exhaust valve than the opening of the associ 
ated second exhaust port communicating with said re» 
spective one of said cylinders by a said second exhaust 
valve. 
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